Introduction
European scientists have a wide range of possibilities for conducting their experiments in hypogravity conditions; 32 from drop towers (Kufner et al., 2011) to sounding rockets (Dannenberg, 2011) , as well as satellites or the 33
International Space Station (ISS). All these facilities provide flight opportunities for their diverse research interests. 34
Aside from these well-known opportunities, parabolic flights have been conducted for a long time as another way of 35 performing short-time duration experiments and technical demonstrations. Aircraft parabolic flights provide up to 23 36 seconds of reduced gravity and are used for conducting short investigations in Physical and Life Sciences, both for 37 senior researchers and for international student experimentation and motivation. 38
The European Space Agency (ESA), the "Centre National d'Etudes Spatiales" (CNES, French Space Agency) 39 and the "Deutsches Zentrum für Luft-und Raumfahrt e.V." (DLR, German Aerospace Center) have used the Airbus 40 A300 ZERO-G from Novespace for research experiments in microgravity. This French company, a spin-off from 41 CNES, has been conducting a large amount of parabolic flights for many years (Pletser, 2004) . Among these, seven 42 ESA Student campaigns (Callens et al., 2011) and two joint partial-g parabolic flight campaigns (Pletser et al., 2012) 43 have taken place, in the latter case providing partial gravity similar to that present on the surface of the Moon and 44
Mars. In 2014, the long successful Airbus A300 ZERO-G was withdrawn, and in early 2015 a new Airbus A310 45 ZERO-G entered into operation with which new parabolic flight campaigns are being conducted (Pletser et al., 46 2015) . Parabolic flights are the only current flight opportunity besides Chinese spacecraft and ISS for medical 47 research experimentation on human subjects in microgravity. 48
These parabolic flights are useful for conducting preparatory tests. Those tests prepare the experiments to be 49 conducted in future space missions at more sophisticated facilities. They can also be used after a space mission to 50 retest or provide confirmation of previous results. Nevertheless, the short period of hypogravity provided in these 51 flights is often sufficient to obtain meaningful results that can be included in subsequent experiments. Briefly, these 52 aircraft maneuvers allow experimenters to get results by running their own scientific experiments within a relatively 53 low cost framework, and in the case of Europe, from a nearby European airfield, usually in Bordeaux, France. 54
Since 2008, a series of test flights have been performed in Barcelona, Spain,in order to assess the suitability of 55 smaller single-engine aerobatic aircraft for hypogravity experimentation (Brigos, et al. , 2014a As reported by our team, after the initial tests were conducted with a CAP10B aircraft (Brigos et al., 2014a) , these 82 small aerobatic aircraft are capable of providing short periods of hypogravity of up to 8 seconds, preceded and 83 followed by a peak of hypergravity up to 3.2g's between 3 and 5 seconds. The quality of the hypogravity provided, 84 measured as the residual acceleration during the hypogravity phase, is approximately an order of magnitude above 85 that obtained with larger aircraft. This is due to limitations such as higher sensitivity to wind gusts, vibrations or the 86 manual operation of the maneuvers. After an initial period of flight tests and optimization of the technique with a 87 simulator and an on-board display, a figure of merit of 0.05g of residual acceleration was obtained. -To study different processes in which abrupt changes of gravity workload are applied. In particular 107
hyper (3 -3.5g) to hypogravity (0.05g) , and hypo to hypergravity periods. 108 -To analyse transient phenomena that may occur after short periods of hyper and hypogravity. 109 -To allow experiments for testing the equipment in a real parabolic flight, with the opportunity to 110 manually interact with the equipment and provide a proof-of-concept before accessing other 111 microgravity research platforms. In our case, a student campaign consists of between two and six local flights on which one student performs his 178 or her experiment on board during every flight. A team also composed of two to six students can therefore conduct 179 their experiments over the course of a single day. These educational campaigns are known as the "Barcelona Zero-G 180
Challenge", an international contest aimed at motivating students to conduct research in this area. The first such 181
Challenge Educational opportunities are also provided locally to students from our own university. An educational tutorial 220 has been drawn up based on these experiments. This manual contains an introduction to space physiology and 221 explains how the data was obtained and why it was useful, as well as hands-on material consisting of simulation 222 software that students can use to see what changes may happen to the human body when exposed to long-term 223 scenarios, like a long expedition to the Moon or a trip to Mars. The material was tested by engineering students who 224 had almost no previous understanding of medical concepts, and it can equally be used by life sciences students with 225 no knowledge of simulation techniques. A final survey and an evaluation of the students' work were carried out in 226 order to assess the impact of this activity. 227
The students were required to work out what changes were important and what implications the data had for the 228 hypothesis of the experiment, as well as proposing future research lines. They received a one-hour introductory 229 tutorial to the workshop and two hours of class work, and were given four days to submit their work. All student 230 teams presented their work on time, and the evaluation ranged from fairly good to excellent for all teams. Students 231 qualified with a 3.8 +/-0.4 for the activity (1-boring, 5-exciting) and provided some comments, such as 'the activity 232 was the most original of my studies' or 'I also wish to take part in the experiments'. 233
Furthermore, Engineering students belonging to both Master and Graduate courses at our university, the 234 UPC, are offered the possibility of designing such experiments (Azemà, 2014) within the restrictions of our platform, 235 or of analyzing the mechanics and on-flight behavior of our small aircraft. 236
In addition to student participation in these activities, parabolic research flights have also been performed. 237
Six of these research campaigns have been conducted since 2009, most of them in the field of biomedical studies. 238
For example, researchers from the Universitat Rovira-Virgili recently studied cardio and neurological changes in 239 healthy subjects when exposed to abrupt changes in gravity load (Ruiz et al., 2015) . Researchers from our 240 University, the UPC, have also recently analyzed the influence of wind gusts on the gravity quality provided by this 241 particular aircraft (Brigos, et al., 2014b As operators of these parabolic flights, the Aeroclub Barcelona-Sabadell provide European researchers with the 249 opportunity of participating in these research flights, free of charge, as part of a collaborative research endeavour. 250
The cost of a typical campaign with the CAP10B flight is estimated at 50,000 euros for six flights consisting of one 251 experiment and one subject on board the aircraft over a period of two days, with up to 75 parabolas. This figure  252 includes ownership and maintenance of the aircraft and is supported by the commercial activities of the Aeroclub, 253 which hires the aircfraft to associates and to members of the public for leisure purposes, as well as to members of the 254 Flight School. This relatively low cost of the operations enables us to provide the necessary research and educational 255 opportunities within a restricted budget. This project was first begun seven years ago. Analysis of the outcomes of these activities as reported in this paper 268
show that the platform has proven to be excellent for motivational campaigns as well as providing a test-bed for a 269 proof-of-concept before accessing other microgravity platforms. Throughout this time, many students and senior 270 researchers have had the opportunity of conducting space research in parabolic flights from Barcelona, and they have 271
reported their results at relevant scientific symposiums and in leading journals. We expect to continue these 272 operations in the foreseeable future, thanks to the optimization of the manual technique required for performing such 273 maneuvers and the positive response received from the European scientific community. The highly encouraging 274 feedback from students with hands-on experience from our parabolic flights, as well as their initial advances in the 275 field of the space research, all confirm that our initial objectives have been fulfilled. 276 277 Acknowledgements 278 279
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